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cis-Benzenediol Phenol Cyclohexanol Cyclohexanone Scheme 1. Pathway of catechol degradation by a methanogenic consortium tic cis-benzenediol was present on both plates, with R, values of 0.21 and 0.24 respectively. Another portion of the thoroughly dried ether extract was treated with Bis (trimethylsily1)trifluoracetamide and trimethylchlorosilane for 30min at 90° C and the trimethylsilyl derivative injected into a Pye 104 chromatograph fitted with a glass column packed with 4% OV 255 on Chromosorb WHP and a flame-ionization detector. A programming control system with an initial oven temperature of 100°C increasing by 6OC/min and N, (30ml/min.) as carrier gas was used. A peak with a retention time of 9.2min, identical with that given in this system by authentic trimethylsilyl ester of cis-benzenediol. was obtained.
Pseudomonas putida (strain 39/D) cells were grown in glucose/mineral-salts medium and adapted to metabolize toluene, as described by Gibson et al. (1968) . These were incubated with IU-'*C lbenzene (SOpCi; specific radioactivity 100mCi/mmol) in phosphate buffer (2OOml,0.05 M, pH 7.2) and the U.V. spectrogram of the culture fluid monitored. When the maximum amount of cis-benzenediol and catechol had been formed, the culture was worked up; it afforded labelled samples of these metabolites, which were separated and purified by t.1.c. They were also checked by g.1.c. and their radioactivities measured in a Philips liquid-scintillation counter. These biologically prepared specimens of ci~-IU-'~C1benzenediol ( 1 SpCi) and catechol (20pCi) were introduced into separate catechol-metabolizing methanogenic cultures. Samples of culture fluid (250ml) were withdrawn periodically (after 3,6 and 12 h) and their neutral and acidic ether extracts examined by t.1.c. and g.1.c. (using a 504 Radiogas Detector; ESI Nuclear, Redhill, Surrey, U.K.). Radioactive phenol was formed in both cultures and then disappeared with time. A control experiment, where radioactive samples of cis-benzenediol and catechol were incubated separately in autoclaved cultures under similar conditions, showed that no labelled phenol was contained in the neutral ether extracts. In view of the known facile conversion of cis-benzenediol into phenol under acidic conditions, this result is of crucial importance.
A catechol-adapted methanogenic culture metabolized phenol without a lag period. IU-*4C1Phenol (30pCi: specific radioactivity 35mCi/mmol) was added to such a culture (2 litres, 37OC) and samples of culture fluid (250ml) withdrawn after 3 , 6 and 12h. Their neutral ether extracts on examination by g.1.c. gave labelled cyclohexanone and 2-hydroxycyclohexanone; the identity of these were confirmed by t.1.c. of their 2,4-dinitrophenylhydrazones. G.1.c. of the methylated acidic ether extracts (diazomethane) gave peaks corresponding to the methyl esters of adipate, succinate, propionate and acetate. These were confirmed by radioautography of t.1.c. plates after chromatography of the acids and their hydroxamates, as described by
These results provide unequivocal evidence for the participation of cis-benzenediol in the methanogenic fermentation pathway of catechol through phenol and the reductive route, as illustrated in Scheme 1. We had previously shown the dehydroxylation of the monohydroxybenzoates to benzoate in their methanogenic cultures (Balba et al., 1979) .
Elimination of hydroxyl substituents from the aromatic nucleus appears to be a frequent reaction in microbial systems under anaerobic conditions-probably through the action of a reductase followed by a dehydratase. It was first observed during the mammalian metabolism of certain plant phenolics by Scheline et al. (1960) through the action of the intestinal flora. Subsequently, Perez-Silva et al. (1966) showed that pseudomonad-type bacteria from rat faeces dehydroxylated caffeate anaerobically to give m-hydroxyphenylpropionate and mcoumarate. the vital role of cycles of membrane-fixed-charge generation, neutralization and regeneration related to the respiratory activity of the electron-transport chain. The as-yet-unspecified molecules that serve in this cyclical charge-carrying role may be confidently expected to be integral with the electron-transport chain and to be characteristic for each coupling site: their involvement in (a) localizing the protonmotive force to pzone areas and (b) determining the way in which this force is utilized in ATP synthesis, is an inescapable consequence once their generation and presence are accepted. The evidence for fixed-charge formation under energizing conditions is therefore of first importance for the p-zone interpretation. An excellent consideration of the role of surface charges at membrane/ solution interphases in relation to the protonmotive force has been given by Kell(l979).
Starting from the initial speculations of Azzi (1969), the evidence comes from an increasing number of sources: from cytopherometer and surface-potential studies (Kamo et al., 1976; Aiuchi et al., 1977) ; from the pre-emptive uptake of Ca2+ over protons in the initial aerobic phase of 0,-pulse experiments, and the kinetics of Ca2+ release in an ensuing anaerobic phase when mitochondria are given limited 0,-pulse injections (Archbold et al., 1979) ; and from the effect of positively and negatively charged inhibitors on energy transduction in mitochondria and submitochondrial particles (Higuti et al., 1978a,b,  1979) .
The increased binding of positively charged dyes (ethidium and acriflavine) to the outer surface of mitochondria energized with succinate, and the accompanying inhibition of oxidative phosphorylation but not of electron transport, have led Higuti et al. (19786) to propose an 'anisotropic charge model' for H+ transfer and ATP synthesis that closely resembles the pzone interpretation in its emphasis on the essential role of membrane fixed charges in energy transduction. These authors showed that ethidium binding in KCI solutions was only slightly affected by the presence of valinomycin and was therefore independent of Aiy. In our view, their ethidium binding represents a less labile form of the transient Ca2+-fixed-charge and H+-fixed-charge associations of our own interpretation. We are in further agreement with these authors when their binding studies with ATP-energized mitochondria partially inactivated by oligomycin (Higuti et al., 1979) cause them to favour a localized rather than a generalized energization of the inner membrane (Archbold et al., 1976; McKay & Malpress, 1980) . The development of ideas on localized energy-transfer domains has been reviewed by Ernster (1977) .
If the pzone interpretation provides a more accurate model of mitochondrial energy transduction, it should derive additional support from improved interpretative or predictive powers when presented with experimental observations that either contradict or require ad hoc explanations from the chemiosmotic view.
